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ABSTRACT: 

PROBLEM TO BE SOLVED: To sufficiently secure a filling amount of a 
molecular 

beam material even when a crucible is allowed to incline and to obtain stable 
strength of the molecular beam even when the amount of the molecular beam 
material is reduced. 

SOLUTION: In a molecular beam source cell 101, a crucible 102 having an 
inlet opening part 1 1 1 and a heater 103 which is attached to the crucible 102 
and heats a molecular beam material filled in the crucible 102 to generate the 
mojeajlarbeam by evaporation and sublimation from the inlet opening part 1 1 1 
are provided. The crucible 102 mentioned above is bent between a part 108 to 
be filled with the molecular beam material and the inlet opening part 1 1 1 so 
tnat tn e molecular beam material filled in the part 108 can be seen from the 
inlet opening part 1 1 , and each sectional area in the horizontal direction of 
the part 108 to be filled with the molecular beam material is made nearly 
uniform. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] this invention - the source of a molecular beam, and molecular-beam-epitaxy 
equipment - being related - further - detailed - molecular-beam crystal growth (below Molecular 
Beam Epitaxy MBE) - in law, molecular-beam ingredients are paid to the interior, and it is related with 
the source of a molecular beam and molecular-beam-epitaxy equipment which are made to generate a 
molecular beam by making it evaporate and sublimate with heat. 
[0002] 

[Description of the Prior Art] The MBE method is an approach by which a molecular beam is generated, 
and it is the technique which carries out crystal growth to a GaAs substrate etc. in a high vacuum, and is 
widely used as a method of creating the semi-conductor thin film which constitutes compound 
semiconductors, such as semiconductor laser, and also research and development are furthered that it 
should improve by evaporating and making a high grade ingredient sublimate. 

[0003] As a matter important for the creation time of the semi-conductor thin film, lessening the residual 
impurity in a vacuum chamber is mentioned. Therefore, amelioration of an exhauster, implementation of 
chamber baking, etc. are performed and a good semi-conductor thin film came to be obtained. However, 
if liquid nitrogen is removed from a shroud, the affix attached to shrouds other than a substrate 
(cryopanel) etc. at the time of the gas broth of an ingredient or crystal growth will exfoliate, and will fall 
in the source of a molecular beam (a "eel" is sometimes only called [ "the source eel of a molecular 
beam", or ] hereafter). This affix that fell re-evaporates at the time of the following crystal growth, and 
the residual impurity in a vacuum chamber was increased, and the membraneous quality of a semi- 
conductor thin film was worsened, and it entered into the heater for ingredient heating of the crucible of 
the source eel of a molecular beam, the lead wire of the thermocouple for thermometries, etc., and there 
was a possibility of generating poor insulation's etc. trouble. 

[0004] For this reason, by leaning a chamber, even if the affix attached to the shroud of the 
circumference of a substrate etc. falls, measures, such as making it be hard to go into a eel etc., have 
been taken. However, since an inclination becomes large as for the eel attached in the upper part port 
when such a configuration was taken and the crucible (a container may only be called hereafter) 601-602 
of structure is used conventionally which is shown in drawing 10 or drawing 1 1 , the amount of the 
molecular-beam ingredient with which it can be filled up in crucible 601-602 decreases. Therefore, the 
count of a maintenance for being filled up with an ingredient increased, and the decline in an equipment 
operating ratio and increase of product cost were caused. 

[0005] If the tilt angle of a chamber is still larger and the crucible 601-602 of structure is used 
conventionally which is shown in drawing 10 or drawing 1 1 in the case of the port setting angle from 
which inlet-port opening of a eel becomes downward [ level twist ], a melting molecular-beam 
ingredient cannot be used but it will be limited to the ingredient of a sublimation mold that it can be 
used. The crucible 603 which is the integral construction of a simple substance as shown in drawing 12 , 
and has the orifice 604 of minus inclination in a ****** No. 504613 [ 1 1 to ] official report is indicated' 
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If it is made this structure, even when a eel is installed horizontally, for example, it will become possible 
to use a melting molecular-beam ingredient. 

[0006] As mentioned above, in order to prevent fall of the affix attached to the shroud etc., when a 
chamber is made to incline, the amount of the molecular-beam ingredient with which it can be filled up 
in crucible decreases as the eel attached in the upper part port, the count of a maintenance filled up with 
an ingredient increases, and there is a problem of reduction in a machine time and increase of product 
cost, furthermore, the former shown in drawing 12 - the crucible of structure - using - a eel - 
abbreviation - when it installs horizontally, while consuming a molecular-beam ingredient and an oil 
level's falling - the evaporation area of an ingredient - changing - molecular-beam reinforcement ~ if 
it puts in another way, flux reinforcement will change. Usually, although molecular-beam reinforcement 
measures periodically, amends heater temperature and is adjusted, when evaporation area tends to 
change with said structure, it needs to perform measurement and amendment frequently, and leads to 
decline in an equipment operating ratio, and the problem of increase of product cost. 
[0007] Furthermore, as a conventional source eel of a molecular beam, as shown in drawing 13 , there 
are some which were attached in the leaned vacuum chamber 641 so that the affix which falls from the 
shroud 643 of the substrate holder 642 circumference may not enter the interior. As shown in drawing 
14 , these source eels 644A, 644B, and 644C of a molecular beam have the crucible 645A, 645B, and 
645C which holds the molecular-beam ingredient 646, i.e., containers. 

[0008] By the way, in the above-mentioned source eels 644A, 644B, and 644C of a molecular beam, 
since the source eels 644A and 644B of a molecular beam and 644C itself lean, compared with container 
645C, the fill of the molecular-beam ingredient 646 has less container 645B, and the container 645 A of 
the fill of the molecular-beam ingredient 646 has become less than container 645B of the small fill 
further. That is, there is a problem of decreasing as the amount of the molecular-beam ingredient 646 
with which Containers 645A, 645B, and 645C can be filled up becomes an upper cel. Moreover, since 
the impurity re-evaporated at the time of the following crystal growth pollutes the inside of the vacuum 
chamber 641 and the membraneous quality of the thin film which carried out crystal growth is worsened 
in order that the affix attached to the upper shroud 643 may fall inside the source eels 644A, 644B, and 
644C of a molecular beam and an impurity may mix with the molecular-beam ingredient 646 from the 
above-mentioned source eels 644A, 644B, and 644C of a molecular beam, there is a problem that the 
yield falls. 

[0009] Moreover, with molecular-beam-epitaxy equipment (MBE equipment or molecular-beam crystal 
growth equipment may only be called hereafter) 651 equipped with such source eels 644A, 644B, and 
644C of a molecular beam, since there are few fills of the molecular-beam ingredient 646 in the source 
eels 644A, 644B, and 644C of a molecular beam, it will be necessary to fill up the molecular-beam 
ingredient 646 frequently, and the count of the maintenance accompanying a supplement of the 
molecular-beam ingredient 646 will increase. After stopping MBE equipment 651, after this 
maintenance returns the inside of the vacuum chamber 641 to ordinary pressure, in order that it may pay 
the molecular-beam ingredients 646 in Containers 645A and 645B and 645C, may start MBE equipment 
651 again and may change the inside of the vacuum chamber 641 into an ultra-high-vacuum condition, it 
requires the time of an equivalent. Thus, since the count of the maintenance which requires considerable 
time increases, the operating ratio of MBE equipment 651 falls remarkably, and there is a problem of 
increasing the manufacturing cost of a semi-conductor thin film. 

[0010] Then, one of the purposes of this invention can increase the fill of a molecular-beam ingredient, 
and it is to offer the source of a molecular beam which can prevent contamination of a molecular-beam 
ingredient. Moreover, it has such a source of a molecular beam, and the count of a maintenance is 
reduced, the manufacturing cost of a semi-conductor thin film can be reduced, and it is in offering the 
molecular-beam-epitaxy equipment which can improve the yield. 
[0011] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, it is characterized by 
the source of a molecular beam of this invention being equipped with the crucible which has inlet-port 
opening, and this crucible looking at it from said inlet-port opening, and being crooked and becoming so 
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that the molecular-beam ingredient with which the interior was filled up may not appear. 
[0012] According to the source of a molecular beam of the above-mentioned configuration, crucible 
(container) has filled up the interior with the molecular-beam ingredient. This crucible is crooked so that 
a molecular beam may be seen from inlet-port opening (it is also opening which carries out outgoing 
radiation towards a substrate) and a molecular-beam ingredient may not appear. Thus, since crucible is 
crooked so that it may see from the above-mentioned inlet-port opening and a molecular-beam 
ingredient may not appear, the impurity containing inlet-port opening cannot adhere to the molecular- 
beam ingredient held in the pars basilaris ossis occipitalis of crucible easily. Therefore, the above- 
mentioned impurity can prevent polluting a molecular-beam ingredient. 

[0013] Moreover, since crucible is crooked so that it may see from inlet-port opening and a molecular- 
beam ingredient may not appear even if the above-mentioned inlet-port opening inclines, the pars 
basilaris ossis occipitalis which holds an inlet-port molecular-beam ingredient does not incline. 
Therefore, the fill of the molecular-beam ingredient in the above-mentioned crucible can be increased. 
[0014] Furthermore, the crucible which has inlet-port opening, and this crucible are equipped with this 
invention. The molecular-beam ingredient with which it fills up in crucible is heated. From said inlet- 
port opening to evaporation Have a heater for making it sublimate and generating a molecular beam, and 
it is crooked between the part with which crucible fills up a molecular-beam ingredient so that it may not 
be visible from said inlet-port opening in the molecular-beam ingredient with which it fills up, and said 
inlet-port opening. And the source of a molecular beam made into abbreviation homogeneity in each 
horizontal section product of the part filled up with a molecular-beam ingredient is offered. 
[0015] Namely, the source of a molecular beam concerning this invention is crooked so that the 
molecular-beam ingredient with which the configuration of the whole crucible filled up the pars basilaris 
ossis occipitalis from inlet-port opening of crucible may not appear. And even if it is characterized by 
the configuration of an ingredient packing fraction making evaporation surface area of an ingredient the 
abbreviation homogeneity which does not change with the amounts of an ingredient on a configuration 
and makes crucible incline by it, while the fill of a molecular-beam ingredient is securable enough It 
becomes possible to obtain the molecular-beam reinforcement stabilized even if molecular-beam 
ingredients decreased in number. 
[0016] 

[Embodiment of the Invention] Hereafter, the gestalt of implementation of illustration explains 
molecular-beam-epitaxy equipment equipped with the source of a molecular beam of this invention, and 
it to a detail. In addition, this invention is not limited by this. 

[0017] (1) As for the source eel of a molecular beam as a source of a molecular beam of 1 operation 
gestalt of this invention, the effective area of inlet-port opening of the source eel of a molecular beam 
itself is characterized also for the horizontal direction or the horizontal twist by having turned to the 
bottom. 

[0018] According to the source eel of a molecular beam of a top Norikazu operation gestalt, the impurity 
to which the effective area of the above-mentioned source eel of a molecular beam itself falls from the 
upper part since the horizontal direction or the horizontal twist has also turned to the bottom does not 
enter in the source eel of a molecular beam. Consequently, an impurity does not adhere to the molecular- 
beam ingredient in the container as crucible, and contamination of a molecular-beam ingredient can be 
prevented more certainly. 

[0019] Moreover, the source eel of a molecular beam of 1 operation gestalt is characterized by having at 
least two heaters of the 1st heater which evaporates the above-mentioned molecular-beam ingredient, 
and the 2nd heater which controls the amount of the molecular beam generated from the above- 
mentioned molecular-beam ingredient. 

[0020] By controlling the amount of the molecular beam generated from a molecular-beam ingredient by 
the 2nd heater, the source eel of a molecular beam of a top Norikazu operation gestalt is not based on the 
configuration of a molecular-beam ingredient, but can control the amount of a molecular beam with 
sufficient repeatability while it evaporates a molecular-beam ingredient at the 1st heater. 
[0021] Moreover, since it is not based on the configuration of a molecular-beam ingredient when 



http://www4.ipdl.jpo. go.jp/ cgi-bin/tran web cgi ejje 



9/21/04 



Page 4 of 12 



controlling the amount of the above-mentioned molecular beam with sufficient repeatability, the 
configuration of a container of paying the molecular-beam ingredients can be set up freely. That is, the 
degree of freedom of the configuration of a container improves. 

[0022] Moreover, it is characterized by having the above-mentioned source eel of a molecular beam, the 
molecular-beam-epitaxy equipment, i.e., the molecular-beam crystal growth equipment, of 1 operation 
gestalt. 

[0023] Since the molecular-beam crystal growth equipment of a top Norikazu operation gestalt can 
increase the fill of the molecular-beam ingredient in a container by using the above-mentioned source 
eel of a molecular beam, its count which fills up a molecular-beam ingredient decreases, and it can 
lessen the count of the maintenance accompanying the supplement. Consequently, since the count of the 
maintenance which spends considerable time amount decreases, the operating ratio of equipment 
improves, and productivity improves. Therefore, the manufacturing cost of the thin film manufactured 
with this molecular-beam crystal growth equipment can be reduced. 

[0024] Moreover, the molecular beam generated from a molecular-beam ingredient can be maintained at 
clarification by the ability preventing contamination of the above-mentioned molecular-beam ingredient. 
Therefore, crystal growth is not performed by the polluted molecular beam, but the thin film of good 
membraneous quality is formed. Consequently, the yield can be improved. 
[0025] Moreover, since the amount of the molecular beam generated from the above-mentioned 
molecular-beam ingredient is controllable with sufficient repeatability, the repeatability of crystal 
growth can improve and the yield can be improved more. 

[0026] (2) In the molecular-beam-epitaxy equipment which furthermore has the chamber of an 
inclination mold, even when the source of a molecular beam concerning this invention is attached in an 
upper part port, it can be filled up with a melting molecular-beam ingredient in large quantities, and the 
period of ingredient restoration can be lengthened. Therefore, it becomes possible to raise an equipment 
operating ratio. Moreover, since evaporation area does not change even when a molecular-beam 
ingredient is consumed and an oil level falls, it is not necessary to perform molecular-beam amendment 
on the strength, i.e., flux amendment, frequently, and it becomes possible to raise an equipment 
operating ratio. 

[0027] As a concrete gestalt of the source of a molecular beam concerning this invention The 
configuration of crucible is made tubed (preferably cylindrical). The ingredient packing fraction of 
crucible, The medial axis of two kinds of cylinder parts with the part between ingredient packing 
fractions is made into the same flat-surface top from the direction decision part of a molecular beam, 
i.e., inlet-port opening of crucible. Since the configuration which makes the angle which biaxial makes 
30 degrees or more 150 degrees or less can actually be realized as a configuration of crucible and an 
ingredient fill can be made to increase, it can mention as a desirable example. 

[0028] Moreover, in the source of a molecular beam of this invention, since a heater is the part where a 
melting ingredient flies and this head-lining part tends to adhere when it is arranged by the part filled up 
with the molecular-beam ingredient of crucible, and the head-lining part of the abbreviation right above 
of this part at least, it can prevent adhesion of an ingredient effectively. When the heater is arranged, of 
course so that the whole abbreviation for crucible may be covered, it is possible to maintain the whole 
crucible at an elevated temperature, and since it can prevent adhering and depositing, without the ability 
re-evaporating a molecular-beam ingredient, it is more desirable. 

[0029] Moreover, when the source of a molecular beam of this invention is arranged so that it may have 
one heater and the heater may make temperature of the other part high as compared with the temperature 
of an ingredient packing fraction, it is desirable. Furthermore, it has at least two independently 
controllable heater parts. And when each heater part is divided into an ingredient packing fraction and 
the other part, and is arranged and temperature of the other part is made high as compared with the 
temperature of an ingredient packing fraction, in spite of being the configuration a molecular-beam 
ingredient does not appear from inlet-port opening of crucible Since there is almost no adhesion of the 
molecular-beam ingredient to the internal surface of crucible and control of flux reinforcement becomes 
easy, it is desirable. 



http://www4.ipdl.jpo.go.jp/cgi-bin/tran_web_cgi_ejje 9/21/04 



Page 5 of 12 



[0030] Moreover, since the source of a molecular beam of this invention does not have a water-cooled 
device and raising the temperature of the port part of equipment, or the vacuum housing part of the 
source of a molecular beam in spite of not covering most of elevated-temperature parts, such as a heater, 
by the shroud, if a water cooled jacket is specifically arranged in the outside of a heater and does not 
worsen a degree of vacuum, it is desirable. 

[0031] According to another viewpoint, the crucible which has (a) inlet-port opening, and this crucible 
are equipped with this invention. The molecular-beam ingredient with which it fills up in crucible is 
heated. From said inlet-port opening to evaporation Have a heater for making it sublimate and 
generating a molecular beam, and it is crooked between the part with which crucible fills up a 
molecular-beam ingredient so that it may not be visible from said inlet-port opening in the molecular- 
beam ingredient with which it fills up, and said inlet-port opening. And the source of a molecular beam 
which made abbreviation homogeneity each horizontal section product of the part filled up with a 
molecular-beam ingredient, (b) - the vacuum chamber which supports this source of a molecular beam, 
and (c) t- the shroud prepared in accordance with the wall of this vacuum chamber, and (d) - the 
molecular-beam-epitaxy equipment which consists of a substrate holder which countered inlet-port 
opening of the crucible of said source of a molecular beam, and was formed in this shroud is offered. 
[0032] Furthermore, since this molecular beam epitaxy equipment can prevent that enter into the source 
eel of a molecular beam, and a trouble occurs even if it is possible to make the amount of a molecular- 
beam ingredient increase even if it is molecular beam epitaxy equipment of an inclination mold chamber 
and fall of the affix of a shroud takes place if it has two or more source parts of a molecular beam, it can 
raise the operating ratio of equipment. Moreover, when an affix enters in crucible at the time of 
membrane formation, worsening the membraneous quality of a semi-conductor thin film can also be 
prevented, and the product yield improves. 

[0033] (3) Some operation gestalten are shown concretely hereafter. 

(The 1st operation gestalt) Drawing 1 is the outline sectional view of the MBE equipment as molecular- 
beam-epitaxy equipment of the 1st operation gestalt of this invention. As shown in drawing 1 , the 
above-mentioned MBE equipment 13 is equipped with the vacuum chamber 10 which received 
horizontally and was installed by inclining, the substrate holder 1 1 held in this vacuum chamber 10, and 
the source eels 1A, IB, and 1C of a molecular beam attached in the vacuum chamber 1 so that this 
substrate holder 1 1 might be countered. Moreover, the shroud 12 is attached in the wall of this vacuum 
chamber 1 . 

[0034] The crucible 2 as a container crooked so that the molecular-beam ingredient 7 which looked at 
the above-mentioned source eel of molecular beam IB from point 5a as opening which turns and carries 
out outgoing radiation of the molecular beam to a substrate 6 as shown in drawing 2 , and was held in 
pars-basilaris-ossis -occipitalis 2a might not appear, It has the 1st and 2nd heater 3 and 4 arranged 
between the body 5 of the crooked shape of a cylinder like object with base which holds this crucible 2, 
and this body 5 and crucible 2. While arranging the 1st heater 3 of the above in the surroundings of pars- 
basilaris-ossis-occipitalis 2a of crucible 2, it is arranging the 2nd heater in the surroundings of point 2b 
of crucible 2. Moreover, the thermocouples 8 and 9 for temperature detection are attached in pars- 
basilaris-ossis-occipitalis 2a of the above-mentioned crucible 2, and point 2b. 
[0035] Moreover, the opening 16 of the above-mentioned source eel of molecular beam IB itself is 
formed in point 5a by the side of the substrate 6 of a body 5. While the upper part 17 of this point 5a 
extends for a long time toward a substrate 6 rather than point 2b of crucible 2, the lower part 18 of point 
5a is prolonged for a long time a little toward the substrate 6 rather than point 2b of crucible 2. 
Moreover, the flat surface 15 including the tips 19 and 20 of the upper part 17 of the above-mentioned 
point 5a and the lower part 1 8, i.e., an effective area, is horizontally suitable. But this effective area 15 
may turn [ twist / horizontal ] to the bottom. In addition, the source eels 1A and 1C of a molecular beam 
of other configurations shown in drawing 1 although only the above-mentioned source eel of molecular 
beam IB was explained to the detail based on drawing 2 are the same although the include angle of 
crookedness of a body and crucible and the sense of an effective area differ from the source eel B of a 
molecular beam. As for the sense of effective areas 65, 15, and 75, all of the source eels 1A, IB, and 1C 
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of a molecular beam have become a horizontal direction or downward. 

[0036] In the source eels 1A, IB, and 1C of a molecular beam of the above-mentioned configuration, 
while evaporating the molecular-beam ingredient 7 and generating a molecular beam at the 1st heater 3 
at the time of crystal growth, by controlling the amount of the molecular beam at the 2nd heater 4, a 
molecular beam is turned to a substrate 6, outgoing radiation is carried out from point 5a, and a crystal is 
grown up on a substrate 6. If liquid nitrogen is removed from the above-mentioned shroud 12 at this 
time, although the affix which is an impurity attached to the shroud 12 grade exfoliates and falls, since 
crucible 2 is crooked so that it may see from point 5a and the molecular-beam ingredient 7 may not 
appear, the affix which enters through the opening 16 of point 5a cannot adhere to molecular-beam 
ingredients 7 other than substrate 6 held in pars-basilaris-ossis-occipitalis 2a of crucible 2 easily. 
Therefore, contamination of the above-mentioned molecular-beam ingredient 7 can be prevented. 
[0037] Moreover, since crucible 2 is crooked so that it may see from point 5a and the molecular-beam 
ingredient 7 may not appear even if the above-mentioned point 5a leans, pars-basilaris-ossis-occipitalis 
2a which holds the molecular-beam ingredient 7 does not incline. Therefore, the fill of the molecular- 
beam ingredient 7 in the above-mentioned crucible 2 can be increased: Specifically, 60 cc or more of 
molecular-beam ingredients 7 can be paid by the crucible 2 shown in drawing 2 to the fill of the 
molecular-beam ingredient 46 of the conventional containers 45A, 45B, and 45C shown in drawing 6 
having been about ten cc. 

[0038] Moreover, since the effective areas 65, 15, and 75 of the above-mentioned source eels 1A and IB 
of a molecular beam and 1C itself have turned [ twist / the horizontal direction or / horizontal ] to the 
bottom, it Even if the affix which is an impurity attached to the shroud 12 grade exfoliates and falls at 
the time of crystal growth, the affix does not enter in the source eels 1A and IB of a molecular beam, 
and 1C, and an affix does not enter into the crucible 2 in the source eels 1A and IB of a molecular beam, 
and 1C. Therefore, the affix which is an impurity does not adhere to the molecular-beam ingredient 7 in 
the above-mentioned crucible 2, and contamination of the molecular-beam ingredient 7 can be prevented 
more certainly. Moreover, since the affix of a shroud 12 does not advance into the above-mentioned 
source eels 1 A and IB of a molecular beam, and 1C, the trouble of the poor insulation generated when 
the affix enters into the 1st and 2nd heater 3 and 4, the lead wire of thermocouples 8 and 9, etc. can be 
prevented. 

[0039] Moreover, since it has the 1st heater 3 which evaporates the above-mentioned molecular-beam 
ingredient 7, and the 2nd heater 4 which controls the amount of the molecular beam generated from the 
above-mentioned molecular-beam ingredient 7, it is not based on the configuration of the molecular- 
beam ingredient 7, but the amount of a molecular beam can be controlled with sufficient repeatability. 
Since it is not necessary to limit the configuration of the molecular-beam ingredient 7 at this time, the 
configuration of the crucible 2 which holds that molecular-beam ingredient 7 can be set up freely. That 
is, the degree of freedom of the configuration of crucible 2 improves. 

[0040] Moreover, the count which replaces the molecular-beam crystal material 7 with the MBE 
equipment 13 which carries such source eels 1A, IB, and 1C of a molecular beam compared with the 
former decreases or less to 1/6, and the count of the maintenance accompanying the supplement is also 
reduced. Therefore, since the count of the maintenance which spends considerable time amount 
decreases, the operating ratio of MBE equipment 13 improves, and productivity improves. Therefore, 
the manufacturing cost of the semi-conductor thin film by this MBE equipment 13 can be reduced. 
Specifically compared with the former, a manufacturing cost can be reduced or less to 1/4. 
[0041] Moreover, with the above-mentioned MBE equipment 13, crystal growth is not performed by the 
polluted molecular beam by the ability preventing contamination of the molecular-beam ingredient 7 in 
the source eels 1A, IB, and 1C of a molecular beam. Therefore, since the thin film of good 
membraneous quality is formed, the yield can be improved. 

[0042] Moreover, by having the 1st heater 3 which evaporates the molecular-beam ingredient 7, and the 
2nd heater 4 which controls the amount of the molecular beam generated from the molecular-beam 
ingredient 7, the instability of the amount of molecular beams by reduction of the molecular-beam 
ingredient 7 etc. is canceled, and the amount of the molecular beam generated from the molecular-beam 



http://www4.ipdl.jpo.go.jp/cgi-bin/tran web cgi ejje 



9/21/04 



Page 7 of 12 



ingredient 7 can be controlled with sufficient repeatability by the above-mentioned MBE equipment 13. 
Therefore, the repeatability of crystal growth can improve and the yield can be improved more. 
Specifically compared with the former, the yield improved about 30%. 

[0043] Moreover, with the above-mentioned MBE equipment 13, since the source eels 1A, IB, and 1C 
of a molecular beam can be attached in the horizontal side face of the vacuum chamber 10, the degree of 
freedom of the layout of the source eels 1A, IB, and 1C of a molecular beam is improving. Moreover, 
since it does not work in the narrow space of the MBE equipment 13 bottom at the time of restoration of 
the above-mentioned rnolecular-beam ingredient 7, workability is good. 

[0044] Moreover, although he was trying for the effective area 15 of the source eel of molecular beam 
IB itself to include the tips 19 and 20 of point 5a of a body 5, you may make it include the tip of point 
2b of crucible 2 with the above-mentioned operation gestalt. That is, opening of the source eel of a 
molecular beam itself may be formed in a body, and may be formed in crucible. Moreover, you may 
make it the effective area of source eel of molecular beam 1 A and 1C itself include the tip of the point of 
crucible also about the source eels 1 A and 1C of a molecular beam. 

[0045] Moreover, although the horizontal direction or the horizontal twist had also turned to the bottom, 
it is more desirable for the effective areas 65, 1 5, and 75 of the source eels 1 A and IB of a molecular 
beam and 1C itself to have turned [ twist / horizontal ] to the bottom with the above-mentioned 
operation gestalt. 

[0046] Moreover, with the above-mentioned operation gestalt, although bodies 5 were crucible 2 and 
another object, crucible and one are sufficient as a body. 

[0047] (The 2nd operation gestalt) Drawing 3 is the outline sectional view of the MBE equipment as 
molecular-beam crystal growth equipment of the 2nd operation gestalt of this invention. As shown in 
drawing 3 , this MBE equipment 33 is equipped with the vacuum chamber 30 which received 
horizontally and was installed in parallel, the source eels 21 A, 2 IB, and 21C of a molecular beam 
arranged at the drawing Nakamigi side of this vacuum chamber 30, and the substrate holder 3 1 held in 
the vacuum chamber 30 so that these sources 21 A, 2 IB, and 21C of a molecular beam might be 
countered. Moreover, the shroud 32 is attached in the wall of the above-mentioned vacuum chamber 30. 
[0048] The crucible 22 as a container crooked so that the molecular-beam ingredient 27 which looked at 
the above-mentioned source eel of molecular beam 21 A from point 25a as opening which turns and 
carries out outgoing radiation of the molecular beam to a substrate 26 as shown in drawing 4 , and was 
held in pars-basilaris-ossis -occipitalis 22a might not appear, It has the 1st and 2nd heater 23 and 24 
arranged between the body 25 of the crooked shape of a cylinder like object with base which holds this 
crucible 22, and this body 25 and crucible 22. While arranging the 1st heater 23 of the above in the 
surroundings of pars-basilaris-ossis-occipitalis 22a of crucible 22, it is arranging the 2nd heater 24 in the 
surroundings of point 22b of crucible 22. Moreover, the thermocouples 28 and 29 for temperature 
detection are attached in pars-basilaris-ossis-occipitalis 22a of the above-mentioned crucible 22, and 
point 22b. 

[0049] Moreover, the opening 36 of the above-mentioned source eel of molecular beam 21 A itself is 
formed in point 25a by the side of the substrate 26 of a body 25. The upper part 37 and the lower part 38 
of this point 25a are prolonged for a long time a little toward the substrate 26 rather than point 22b of 
crucible 22. Moreover, the flat surface 35 including the tips 39 and 40 of the upper part 37 of the above- 
mentioned point 25a and the lower part 38, i.e., an effective area, has turned [ twist / horizontal ] to the 
bottom. But this effective area 35 may be horizontally suitable. In addition, the source eels 2 IB and 21C 
of a molecular beam of other configurations shown in drawing 3 although only the above-mentioned 
source eel of molecular beam 21 A was explained to the detail based on drawing 4 are the same although 
the include angle of crookedness of a body and crucible and the sense of an effective area differ from 
source eel of molecular beam 21 A. As for the sense of effective areas 35, 85, and 95, all of the source 
eels 21 A, 2 IB, and 21C of a molecular beam have become a horizontal direction or downward. 
[0050] MBE equipment 33 equipped with the source eels 21 A, 2 IB, and 21C of a molecular beam and 
each of the above-mentioned configuration has the same effectiveness as the source eel of a molecular 
beam of the 1st operation gestalt, and MBE equipment. 
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[0051] Moreover, it sees from point 25a which carries out outgoing radiation of the molecular beam, and 
since crucible 22 is crooked at the abbreviation right angle so that the molecular-beam ingredient 27 
held in pars-basilaris-ossis-occipitalis 22a may not appear, even if impurities, such as an affix of a 
shroud 32, have advanced into crucible 22 from the opening 36 of point 25a, the impurity cannot adhere 
to the molecular-beam ingredient 27 of pars-basilaris-ossis-occipitalis 22a very easily. Therefore, 
contamination of the molecular-beam ingredient 27 in the above-mentioned crucible 22 can be 
prevented very certainly. 

[0052] Moreover, although he was trying for the effective area 35 of the source eel of molecular beam 
21A itself to include the tips 39 and 40 of point 25a of a body 25, you may make it include the tip of 
point 22b of crucible 22 with the above-mentioned operation gestalt. That is, opening of the source eel 
of a molecular beam itself may be formed in a body, and may be formed in crucible. Moreover, you may 
make it the effective area of source eel of molecular beam 2 IB and 2 1C itself include the tip of the point 
of crucible also about the source eels 2 1 B and 2 1 C of a molecular beam. 

[0053] Moreover, although the horizontal direction or the horizontal twist had also turned to the bottom, 
it is more desirable for the effective areas 35, 85, and 95 of the source eels 2 1,A and 21B of a molecular' 
beam and 21C itself to have turned [ twist / horizontal ] to the bottom with the above-mentioned 
operation gestalt. 

[0054] Moreover, with the above-mentioned operation gestalt, although bodies 25 were crucible 22 and 
another object, crucible and one are sufficient as a body. 

[0055] As mentioned above, since it is crooked so that, and the molecular-beam ingredient with which 
the source of a molecular beam of this invention was equipped with the crucible which has inlet-port 
opening, this crucible looked at it from said inlet-port opening, and the interior was filled up may not 
appear, the impurity containing inlet-port opening cannot adhere to the molecular-beam ingredient with 
which the interior of crucible was filled up easily. Therefore, the above-mentioned impurity can prevent 
polluting a molecular-beam ingredient. 

[0056] Since crucible is crooked so that it may see from inlet-port opening and a molecular-beam 
ingredient may not appear even if the above-mentioned inlet-port opening inclines, the pars basilaris 
ossis occipitalis which holds a molecular-beam ingredient cannot incline, but the source eel of a 
molecular beam of 1 operation gestalt can increase the fill of the molecular-beam ingredient in crucible. 
[0057] Since the effective area of inlet-port opening of the source eel of a molecular beam itself has 
turned [ twist / the horizontal direction or / horizontal ] to the bottom, the impurity which falls from the 
upper part does not enter in the source eel of a molecular beam, and, as for the source eel of a molecular 
beam of 1 operation gestalt, contamination of a molecular-beam ingredient can be prevented more 
certainly. 

[0058] Since the source eel of a molecular beam of 1 operation gestalt controls the amount of the 
molecular beam generated from a molecular-beam ingredient by the 2nd heater while evaporating a 
molecular-beam ingredient at the 1st heater, it is not based on the configuration of a molecular-beam 
ingredient, but can control the amount of a molecular beam with sufficient repeatability. Moreover, 
since it is not based on the configuration of the above-mentioned molecular-beam ingredient at this time, 
the degree of freedom of the configuration of a container of holding a molecular-beam ingredient 
improves. 

[0059] Since the molecular-beam crystal growth equipment of 1 operation gestalt can increase the fill of 
a molecular-beam ingredient by having the above-mentioned source eel of a molecular beam, it can 
lessen the count of the maintenance accompanying a supplement of a molecular-beam ingredient, can 
improve the operating ratio of equipment, and can improve productivity. Therefore, the manufacturing 
cost of the semi-conductor thin film manufactured with molecular-beam crystal growth equipment can 
be reduced. 

[0060] Since the molecular-beam crystal growth equipment of 1 operation gestalt can prevent 
contamination of a molecular-beam ingredient by having the above-mentioned source eel of a molecular 
beam, crystal growth is not performed by the polluted molecular beam, but it can form the thin film of 
good membraneous quality. Therefore, the yield can be improved. 
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[0061] Since the molecular-beam crystal growth equipment of 1 operation gestalt can control the amount 
of the molecular beam generated from a molecular-beam ingredient by having the above-mentioned 
source eel of a molecular beam with sufficient repeatability, it can improve the repeatability of crystal 
growth. Consequently, the yield can be improved more. 
[0062] (4) Some operation gestalten are shown still more concretely hereafter. 

(The 3rd operation gestalt) Drawing 5 is the configuration explanatory view of the 3rd operation gestalt 
of the source of a molecular beam concerning this invention. In drawing 5 , the source eel 101 of a 
molecular beam of the 3rd operation gestalt (it is equivalent to the source of a molecular beam of this 
invention) was equipped with the crucible 102 filled up with the molecular-beam ingredient 106 (for 
example, gallium), the heater 103, the thermocouple 104, and the reflecting plate 105, and equips the 
outer wall of the container (a vacuum housing is called hereafter) 1 10 holding the vacuum of crucible 

102 perimeter with the water cooled jacket 107. Crucible 102 consists of PBN (pyrolysis boron nitride) 
as an example, the configuration of the whole crucible is a L character configuration where the cylinder 
prolonged upwards as an example as shown in drawing was horizontally bent by the middle (at 90 
degrees), and the closure of one side (below) is carried out. - 

[0063] The ingredient packing fraction 108 which fills up with the molecular-beam ingredient 106 the 
part besides prolonged to a way is constituted, opening is carried out to a part for the horizontal level of 
another side, and the molecular-beam configuration decision part 109 (between the inlet-port opening 
1 1 1 and the ingredient packing fractions 108) which determines the configuration of a molecular beam 
is constituted. 

[0064] a heater 103 - the ingredient packing fraction 108 and the molecular-beam configuration 
decision part 109 - almost ~ the whole - a wrap - it is spirally arranged like. And spacing of a heater 

103 is arranged so that the direction of the molecular-beam configuration decision part 109 may become 
dense as compared with the ingredient packing fraction 108. The heater of each part is connected to the 
serial by one line, and the direction of the molecular-beam configuration decision part 109 becomes an 
elevated temperature by passing a current as compared with the ingredient packing fraction 108. 
[0065] Drawing 6 is the outline configuration explanatory view of the MBE equipment (molecular- 
beam-epitaxy equipment) 201 which used the source eel 101 of a molecular beam of the 3rd operation 
gestalt. In drawing 6 , MBE equipment 201 is equipped with the source eel 202 of a molecular beam, the 
substrate holder 203 equipped with substrate rotation / heating device, and a shroud 204, and the inlet- 
port opening 205 of the crucible of the source eel 202 of a molecular beam turns to the core of the 
substrate holder 203, and to the direction of a normal of the substrate holder 203, the molecular beam is 
set up so that incidence may be carried out at the include angle of 25 degrees as an example. Moreover, 
in the 3rd operation gestalt, it inclines and the source eel 202 of a molecular beam of MBE equipment 
201 is installed so that the revolving shaft of the substrate holder 203 may become level. 

[0066] Although the inlet-port opening 205 of the crucible of the source eel 202 of a molecular beam 
attached in the eel port in which it is located most up is downward, 100 cc or more of melting 
molecular-beam ingredients can be filled up with such a configuration into the source eel 202 of a 
molecular beam. 

[0067] The fill at the time of on the other hand using the crucible of structure conventionally which is 
shown in drawing 12 is about one cc, and the fill of the source eel 202 of a molecular beam of the 3rd 
operation gestalt can become about 100 times, can extend an ingredient restoration period to 50 or more 
times, and can reduce product cost or less to 1/2. Moreover, when the conventional structure of drawing 
12 is used, an ingredient is consumed, an oil level follows on falling, and evaporation area becomes 
small. Therefore, when heater temperature is fixed, flux reinforcement falls, and in order to obtain fixed 
flux reinforcement, it is always necessary to amend heater temperature. Usually, this flux amendment 
needs to carry out, after performing growth several times. Since evaporation area does not change even 
if it consumes an ingredient and an oil level falls when the source eel 202 of a molecular beam of the 3rd 
operation gestalt is used, heater temperature is fixed and flux reinforcement is almost fixed. Therefore, it 
can become possible to lengthen spacing which carries out flux amendment, and the operating ratio of 
equipment can be raised. 



http://www4.ipdljpo.go.jp/cgi-bin/tran web cgi ejje 9/21/04 



* f J « 



Page 10 of 12 



[0068] Moreover, since the inlet-port opening 205 of the crucible of the source eel 202 of a molecular 
beam has turned to the level twist lower part, even if the affix of a shroud 201 falls, it cannot fall in the 
source eel 202 of a molecular beam, and the fall of the dependability of the eel by the heater 1 03 and the 
poor insulation of a thermocouple 104 can be prevented. Moreover, when an affix enters in crucible at 
the time of membrane formation, aggravation of the membraneous quality of a semi-conductor thin film 
can be prevented. 

[0069] With the 3rd operation gestalt, although it is arranged so that the whole may be covered mostly, 
when there is a part of crucible 102 which does not install a heater 103 in crucible 102, since 
temperature falls, a heater 103 will adhere and deposit the part, without the ability re-evaporating a 
molecular-beam ingredient. Therefore, the thing of crucible 102 for which a heater 103 is arranged so 
that the whole may be covered mostly is desirable. 

[0070] Moreover, since the source of a molecular beam of this invention serves as arrangement with 
which most of elevated-temperature parts, such as a heater 103, are not covered by the shroud 204 of 
equipment, the port part of equipment and the vacuum housing part of the source of a molecular beam 
tend to become an elevated temperature Since a degree of vacuum will be affected if a vacuum housing 
becomes an elevated temperature, it is desirable to install a water cooled jacket 107 like the 3rd 
operation gestalt, and to make it the temperature of the port part of equipment or the vacuum housing 
part of the source of a molecular beam not go up. With the gestalt of this operation, although the water 
cooled jacket 107 was formed in the outside of a vacuum housing, also when a water-cooled device is 
prepared in the outside of the heater in a vacuum housing, the same effectiveness is acquired. Although 
the angle which the molecular-beam configuration decision part 109 of crucible 102 and the ingredient 
packing fraction 108 make was set as 90 degrees as an example with the 3rd operation gestalt, the same 
effectiveness is acquired in 30 to 150 degrees. 

[0071] (The 4th operation gestalt) Drawing 7 is an outline configuration explanatory view at the time of 
attaching the source eel of a molecular beam of the same configuration as the source eel 101 of a 
molecular beam of the 3rd operation gestalt in another MBE equipment 301 . In drawing 7 , MBE 
equipment 301 is equipped with the source eel 302 of a molecular beam, the substrate holder 303 
equipped with substrate rotation / heating device, and a shroud 304, opening of crucible 302 turns to the 
core of the substrate holder 303, and the molecular beam is setup so that incidence may be carried out at 
the include angle of 25 degrees as an example to the direction of a normal of the substrate holder 303. 
Moreover, it inclines and MBE equipment 301 is installed so that the revolving shaft of the substrate 
holder 303 may make a 65-degree angle from a vertical. 

[0072] The source eel 302 of a molecular beam is attached in the level port of MBE equipment 301, and 
according to this configuration, it can be filled up with 250 cc or more of melting molecule ingredients. 
In addition, when the crucible of the conventional type shown in drawing 12 is used, a fill is 20 cc, since 
the fill of the source eel 302 of a molecular beam of the 4th operation gestalt becomes about 10 times as 
compared with this, an ingredient restoration period can be extended to 5 or more times, and product 
cost can be reduced or less to 2/3 . 

[0073] Moreover, when the conventional crucible shown in drawing 12 is used, since [ to which an 
ingredient is consumed and an oil level falls ] it is alike, therefore evaporation area becomes small, when 
heater temperature is fixed, flux reinforcement falls. Therefore, in order to obtain fixed flux 
reinforcement, it is always necessary to amend heater temperature. Usually, this flux amendment needs 
to carry out, after performing several growth. Since evaporation area does not change even if it 
consumes an ingredient and an oil level falls when the source eel 302 of a molecular beam of the 4th 
operation gestalt is used, heater temperature is fixed and flux reinforcement is almost fixed. Therefore, it 
can become possible to lengthen spacing which carries out flux amendment, and the operating ratio of 
equipment can be raised. 

[0074] Moreover, since the configuration of a molecular beam changes with the fills of an ingredient 
when the conventional crucible shown in drawing 12 is used, there is a fault from which thickness 
distribution in substrate holder 303 location changes. Although it was set as 90 degrees with the 4th 
operation gestalt by making into an example the angle which the molecular-beam configuration decision 
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part 109 of crucible 102 and the ingredient packing fraction 108 make, the same effectiveness will be 
acquired if it is the range of 30 to 150 degrees. 

[0075] (The 5th operation gestalt) Drawing 8 is the configuration explanatory view showing the source 
eel 401 of a molecular beam of the 5th operation gestalt. In drawing 8 , the source eel 401 of a molecular 
beam of the 5th operation gestalt comes to have the crucible 402 filled up with a molecular-beam 
ingredient, a heater 403 (equivalent to one heater part of this invention), a heater 404 (equivalent to the 
heater part of another side of this invention), a thermocouple 405, a thermocouple 406, and a reflecting 
plate 407 Crucible 402 consists of PBN as an example, and the configuration of the whole crucible is a 
configuration where the cylinder was bent at 135 degrees on the way as an example. And one side of 
crucible is the ingredient packing fraction 410 with which the closure is carried out and this part fills up 
the molecular-beam ingredient 408. Opening of another side of this crucible is carried out, and it 
constitutes the molecular-beam configuration decision part 41 1 which determines the configuration of a 
molecular beam. 

[0076] two heaters 403 and 404 - each of crucible 402 - the molecular-beam configuration decision 
part 41 1 and the ingredient packing fraction 410 -- a wrap— it arranges like - having - two heaters - 
crucible 402 - the whole is covered mostly . Moreover, two thermocouples 405 and 406 are arranged so 
that the temperature of the molecular-beam configuration decision part 41 1 and the ingredient packing 
fraction 4 1 0 may be measured, respectively. Therefore, it is possible to carry out independently 
temperature control of the molecular-beam configuration decision part 41 1 and the ingredient packing 
fraction 410. 

[0077] Drawing 9 is the outline configuration explanatory view of the MBE equipment 501 which used 
the molecular-beam eel of the 5th operation gestalt. In drawing 9 , MBE equipment 501 is equipped with 
the source eel 502 of a molecular beam, the substrate holder 503 equipped with substrate rotation / 
heating device, and a shroud 504, inlet-port opening of the crucible of the source eel 502 of a molecular 
beam turns to the core of the substrate holder 503, and the molecular beam is set up so that incidence 
may be carried out at the include angle of 25 degrees as an example to the direction of a normal of the 
substrate holder 503. Moreover, it inclines and MBE equipment 501 is installed so that the revolving 
shaft of the substrate holder 503 may become level. 

[0078] When the source eel of a molecular beam of the 5th operation gestalt is used, 300 cc or more of 
melting molecular-beam ingredients can be filled up with such a configuration. Although the crucible of 
the conventional conical configuration is shown in drawing 10 for a comparison, a fill is 20 cc, and since 
the fill of the source eel of a molecular beam of the gestalt of this operation becomes about 15 times and 
can extend an ingredient restoration period to 5 or more times, product cost can reduce it or less to 2/3. 
Moreover, evaporation area becomes small as an ingredient is consumed and an oil level falls, when the 
crucible shown in drawin g 10 is used. Therefore, when heater temperature is fixed, flux reinforcement 
falls. Therefore, in order to obtain fixed flux reinforcement, it is always necessary to amend heater 
temperature. Usually, after this flux amendment performs several growth, it is necessary to perform it. 
Since evaporation area does not change even if it consumes an ingredient and an oil level falls when the 
source eel of a molecular beam of the gestalt of this operation is used, heater temperature of regularity is 
[ flux reinforcement ] almost fixed. Therefore, it becomes possible to lengthen spacing which carries out 
flux amendment, and the operating ratio of equipment can be improved. 

[0079] Moreover, although the conventional cylindrical shape-like crucible is shown in drawing 1 1 for a 
comparison, a fill is about 50 cc, the fill of the source eel of a molecular beam of the gestalt of this 
operation becomes about 4 times, and an ingredient restoration period can extend it more than twice. 
Therefore, product cost can be reduced or less to 3/4. Moreover, since evaporation area does not change 
even if it consumes an ingredient and an oil level falls when the crucible shown in drawing 1 1 is used, if 
heater temperature is fixed, flux reinforcement is almost fixed and does not need to perform flux 
amendment frequently. However, when the crucible shown in drawing 1 1 is used, since [ to which an 
ingredient is consumed and an oil level falls ] it is alike, therefore the configuration of a molecular beam 
becomes sharp, there is a fault to which thickness distribution in substrate holder 503 location worsens. 
[0080] With the gestalt of this operation, although it arranges so that the whole may be covered mostly, 
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when there is a part of crucible 402 which does not install a heater in crucible 402 at heaters 403 and 
404, since temperature falls, the part will be adhered and deposited, without the ability re-evaporating a 
molecular-beam ingredient. Therefore, the thing of crucible 402 for which a heater is arranged so that 
the whole may be covered mostly is desirable. Moreover, since the source of a molecular beam of this 
invention serves as arrangement with which most of elevated-temperature parts, such as heaters 403 and 
404, are not covered by the shroud 504 of equipment, the port part of equipment and the vacuum 
housing part of the source of a molecular beam tend to become an elevated temperature. Since a degree 
of vacuum will be affected if a vacuum housing becomes an elevated temperature, it is desirable to 
install a water cooled jacket 409 like the gestalt of this operation, and to make it the temperature of the 
port part of equipment or the vacuum housing part of the source of a molecular beam not go up. With 
the gestalt of this operation, although the water cooled jacket 409 was formed in the vacuous outside, 
also when a water-cooled device is prepared in the outside of the heater within a vacuum, the same 
effectiveness is acquired. 

[0081] Although it was set as 135 degrees with the gestalt of this operation by making into an example 
the angle which the molecular-beam configuration decision part 411 of crucible 402 and the ingredient 
packing fraction 4 1 0 make, the same effectiveness is acquired in 30 to 1 50 degrees 
[0082] 

[Effect of the Invention] According to the source of a molecular beam of this invention a ****** 
passage, it can prevent that the configuration of the whole crucible pollutes the molecular-beam 
ingredient with which the impurity containing opening was held in the pars basilaris ossis occipitalis of 
crucible since it is crooked so that the molecular-beam ingredient with which the pars basilaris ossis 
occipitalis was filled up may not appear from inlet-port opening of crucible from the above explanation. 
Furthermore, it is characterized by the configuration of an ingredient packing fraction making 
evaporation surface area of an ingredient the abbreviation homogeneity which does not change with the 
amounts of an ingredient on a configuration, and even if it makes crucible incline, while being able to 
secure the fill of a molecular-beam ingredient enough and being able to reduce the count of amendment 
of heater temperature by it, uniform molecular-beam reinforcement can be obtained. 



[Translation done ] 



http.7/www4.ipdl.jpo.go.jp/cgi-bin/tran_web_cgi ejje 



9/21/04 



